for the JPHC FFQ Validation Study Group BACKGROUND/OBJECTIVES: This cross-sectional study aimed to estimate total antioxidant capacity (TAC) intake from food and beverages in a Japanese population from 7-day seasonal dietary records. SUBJECTS/METHODS: The 7-day weighed dietary records of 390 subjects over four seasons between 1996 and 1998 were used. The TAC values (μmol trolox equivalents (μmol TE)/g) of various foods and beverages were defined, as reported in previous studies for weighed dietary records, using several different methods. TAC values of foods were estimated in 242 food and beverage items: 86.5% of vegetables, 99.1% of fruits, 71.5% of potatoes, 96.7% of beans, and 100% of chocolates. Differences in TAC intake per day and intake (g) per day among seasons in each of the food and beverage group were compared using a general linear model for repeated measures. The TAC intake/day were calculated for each food and beverage item in the four seasons. RESULTS: TAC intake/day (μmol TE/day) varied from 10 189 (summer) to 12 292 (winter). TAC intake/day from fruits (2696) and potatoes (395) was highest in autumn, from vegetables (2827) it was highest in summer and from beans (4151) and tea (2331) it was highest in winter. CONCLUSIONS: The dietary habits of the studied Japanese population showed the highest antioxidant capacity in winter and the lowest in summer. 
INTRODUCTION
Oxidative stress is associated with the development of many chronic and degenerative diseases, including heart disease, 1 cancer 2 and neuronal degeneration, such as in Alzheimer's 3 and Parkinson's. 4 Oxidative stress is also involved in the process of aging. 5 Many epidemiological studies have reported an inverse relationship between the occurrence of chronic disease and a diet high in vegetables, fruit, soy and green tea. [6] [7] [8] [9] [10] The high content of antioxidants in these foods and beverages has been proposed as a possible factor in their protective mechanisms. The total antioxidant capacity (TAC) intake from foods may contribute to longevity in the Japanese population.
TAC aims to measure the free-radical-reducing capacity of all antioxidants in the diet and takes into account synergistic effects between substances. 11, 12 However, to the best of our knowledge, there are no well-designed epidemiological studies on TAC intake in a 1-day diet or its seasonal variation. Consumption of vegetables and fruit varies with season. Therefore, it is important to assess the contents of the diet in each season. We had access to a database for a validation study of a semiquantitative dietary questionnaire from cohort II in the Japan Public Health Centerbased Prospective (JPHC) study. Complete 7-day dietary records from six regions for the four seasons were available for use in this study.
Therefore, we investigated seasonal differences in TAC intake in a 1-day diet and foods considered as major contributors to TAC intake in the four seasons.
MATERIALS AND METHODS

Study design
This is the cross-sectional study investigating the seasonal differences of the TAC intake from food and beverages using 7-day seasonal dietary records among a subsample of the JPHC study cohort II.
Population
Subjects comprised a subsample population in the validation study of a semiquantitative dietary questionnaire from cohort II of the JPHC study and came from six public health center (PHC) regions across Japan (Kashiwazaki, Mito, Suita, Chuo-higashi, Kamigoto and Miyako PHC areas). 9, [13] [14] [15] [16] A total of 392 subjects, aged 39-77 years (196 married couples: 60 from Kashiwazaki PHC area; 60 from Mito PHC area; 64 Suita PHC area; 76 from Chuo-higashi PHC area; 66 from Kamigoto PHC area; and 66 from Miyako PHC area) and who did not have any dietary restrictions were recruited on a voluntary basis from cohort II in the JPHC study. During the survey of dietary records, two subjects who did not complete full dietary records for 28 days were excluded. Therefore, a total of 390 subjects were eligible for analysis. All of them provided written, informed consent.
Dietary data
We collected 7-day weighed dietary records over four seasons (a total of 28 days): spring (May), summer (August), autumn (November) and winter (February) between 1996 and 1998. Dietitians from the PHCs in the cities or towns in each area instructed the subjects to weigh all foods and beverages using measuring spoons and cups on provided electronic scales and to record them. The subjects gave detailed descriptions of each food and beverage type, the method of preparation and the recipes. The dietitians checked the records at least once during the survey. At the end of each season, dietitians from the PHCs reviewed the records in a standardized manner and coded all food items and beverages recorded according to the Standardized Tables of Food Composition. 17 If codes were not available for certain local foods, the dietitians substituted the food or beverage considered to be most similar by asking subjects for details of the food. Such a food intake survey in households was used for the National Health and Nutrition Survey in Japan. 18 Although the National Health and Nutrition Survey collected 1-day dietary records of one season, we adapted this food intake survey to 7 days over four seasons. In the present study, daily intakes of each food and beverage were calculated as: (total intake of each food and beverage during the 7 days)/7.
Determined TAC values for foods and beverages
The TAC values (μmol trolox equivalents (μmol TE)/g) of each food and beverage reported in previous studies were initially determined for detailed dietary data of 7-day records from all four seasons. [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] Average TAC values were determined if differing TAC values were reported. These previous studies reported TAC by measuring oxygen radical absorbance capacity. 31 In addition, the following four steps were introduced to define the TAC of unreported food items: (1) The average TAC of each family by genus was calculated, and individual average values for food items were used. 19, 28 (2) For dried and canned foods and juices, the ratios between dried and raw, canned and raw or juiced and natural were calculated. 19, 28 The TAC values of several food items were reported in the raw state and other states. In addition, the TAC values of dried and canned foods and juices were calculated as: (TAC of raw or natural) × the ratios. (3) Several foods were distinguished by the region of production. However, the same values were used regardless of differences in the production area, because this distinction had not been made in previous studies. Table 1 . Food and beverage groups were formed on the basis of the Standardized Tables of Food Composition, Fifth Revised and Enlarged Edition in Japan. 32 Previous studies on TAC values focused on foods containing nutrients with high antioxidant capacities, such as vitamin C, vitamin E, polyphenol, carotenoid and isoflavone. Therefore, the TAC values of only half of all the food groups could be defined.
Vegetables (86.5%), fruits (99.1%), potatoes (71.5%), beans (96.7%), wine (100%), tea (99.1%) and chocolate (100%) with defined TAC values >70% were eligible for analysis. These percentages were calculated as follows: ((weight of each food group with defined TAC consumed by 390 subjects)/ (weight of each food and beverage group consumed by 390 subjects)) × 100. Seeds (34.3%) and spices (22.8%) had low percentages, because the TAC values of some foods frequently consumed in Japan, such as Japanese mustard and sesame, have not been defined.
Statistical analysis
TAC intake (μmol TE)/day for the sum of the seven food groups (vegetables, fruits, potatoes, beans, wine, tea and chocolate) was compared between the four seasons using a general linear model for repeated measures with adjustments for the areas of PHC. In addition, TAC intake/ day and food and beverage intake (g)/day were compared for each food and beverage group between the four seasons using a general linear model for repeated measures. Moreover, TAC intake/day and food and beverage intake/day for each food and beverage item in the four seasons were calculated. All data were analyzed using the SPSS statistical software (Version 19.0 J; SPSS Japan Inc., Tokyo, Japan). All reported P-values are two tailed, and those o0.05 were considered statistically significant.
RESULTS
The mean age (s.d.) of subjects was 59.1 (7.9) years in men and 56.0 (7.5) years in women. The mean body mass index was 23.7 (2.6) kg/m 2 in men and 23.7 (3.3) kg/m 2 in women. Table 2 shows the seasonal differences in TAC intake/day (μmol TE/day) for the total intake and intake of each food and beverage groups. When comparing spring, summer, autumn and winter, the total TAC intake/day was highest in winter; the area-adjusted means and 95% confidence interval of TAC intake/day was 12 292.1 (12 053.5-12 530.7). Conversely, it was lowest in summer; the area-adjusted means and 95% confidence interval of TAC and snacks  2  0  0  0  0  0  2  105  107  Chocolate  2  0  0  0  0  0  2  0  2  Beverages  10  0  0  0  0  0  10  32  42  Wine  2  0  0  0  0  0  2  0  2  Tea  8  0  0  0  0  0  8  3  11  Spices and seasonings  15  0  0  0  0  0  15  42  57  Total  151  69  12  3  1  6  242  804  1046 Abbreviation: TAC, total antioxidant capacity. (2): calculated from the ratios between dried and raw, canned and raw and juiced and natural; Method (3): the same TAC regardless of differences in production region; and Method (4): the same TAC regardless of the differences in cultivation environment.
intake/day was 10 189.1 (9950.9-10 427.4). The TAC intake/day from beans and tea was highest in winter, highest from vegetables in summer and highest from fruits and potatoes in autumn. Table 3 shows food items with high contributions for TAC intake/day in each season. Tofu (a soybean product) is distinguished by the processing method, while natto is composed of fermented soybeans. Throughout the year, soybean products and green tea greatly contributed to TAC intake/day. Vegetables and fruits with high contributions toward TAC intake/day showed seasonal differences. Vegetables that had high contributions for TAC intake/day were cabbage in spring, eggplant in summer, spinach in autumn and spinach in winter. Fruits that contributed to high TAC intake/day were apples in spring, autumn and winter, tangerines and persimmon in autumn and Japanese pears in summer.
DISCUSSION
To the best of our knowledge, this is the first study to investigate seasonal differences in TAC intake/day. Our study also showed the food items that greatly contributed to TAC intake in each season. Total TAC intake was highest in winter and lowest in summer. Soybean products and green tea were high contributors to TAC intake throughout the year. Vegetables and fruits that had a high contribution to TAC intake differed between seasons.
Rautiainen et al. 33 reported the food contribution percentages for a 96-item food frequency questionnaire-based TAC study. They demonstrated that vegetables and fruits are major contributors to TAC intake, with 34.8% for vegetables and 21.6% for fruits. They also indicated that food items contributing ⩾ 2% to TAC intake were vegetables, fruits, grain products, tea, chocolate, juice and wine. 33 In the present study, vegetables and fruits also made a high contribution to TAC intake, although grain products were not investigated. In addition, seasonal differences in the food contribution to TAC intake were clearly demonstrated. TAC intake from vegetables was highest in summer, and from fruits it was highest in autumn. In summer, the highest contributing vegetable was eggplant, which is harvested mainly in summer in Japan. Although the TAC of eggplant is not remarkably high, 19 eggplant consumption was high compared with other vegetables in summer (Table 3) . To increase TAC intake in the diet, it is important to consider not only the TAC levels per gram of each food and beverage but also their consumption. In autumn, when seasonal intake is mainly fruit, high-TAC-contributing fruits are apples, persimmons and tangerines, the latter being a popular autumnal fruit in Japan. Nutrients in food items vary greatly between seasons, being highest in foods that are in the harvest season. 34 In our study, all TAC values of foods were not measured in the harvest season. Because high-TAC-contributing vegetables and fruits in our study were mainly seasonal foods, the contribution of seasonal foods for TAC intake might have been higher than the present results if all TAC values of foods had been measured in the harvest season. Our findings suggest that seasonal variations in the diet should be considered in assessing TAC intake in a 1-day diet.
In our study, throughout the seasons, soybean products and green tea greatly contributed to the TAC intake in the 1-day diet. Because soybean and green tea leaves are usually stored in a dried state, these products can be consumed throughout the year. The antioxidant capacity of catechin contained in green tea might be Total antioxidant capacity in the diet Y Tatsumi et al relatively low compared with the major antioxidants (ascorbic acid, uric acid, α-tocopherol, β-carotene and other carotenoids). 35, 36 However, green tea has a higher consumption rate compared with other food items, thus greatly contributing to total daily TAC intake throughout the year.
The strengths of the present study include its large number of subjects from multiple areas across Japan and the use of detailed records over the four seasons. However, there are a number of limitations. First, we were unable to investigate the TAC of all food groups because not all the foods consumed in Japan were reported in previous studies. Results in this study did not include all food and beverage intake but limited food and beverage intake. There are no data on foods, such as meat and rice. However, previous studies have focused on foods with high antioxidant capacity. Therefore, our results may not vary greatly if unreported foods and beverages with low antioxidant capacity were analyzed. Second, there were insufficient data on the TAC values of Japanese food items, and therefore American TAC values were used. Geographic location and growing conditions can affect the antioxidant activity of foods. In addition, spices, which have high TAC values, were not investigated, because the TAC levels in Japanese spices (for example, wasabi), which are regularly consumed, have not been reported. 19 However, spice intake was low in our study; the average frequency of spice intake per person was 0.94 times/day. Therefore, the contribution of spices to TAC intake may be low. Third, participants in the validation study might have been more health conscious than nonparticipants. Therefore, the present findings may not be applicable to the entire population of the JPHC study. In addition, participants might have eaten healthier foods than they usually eat during the survey. Because healthy foods, such as green vegetables, often have a high TAC, TAC intake in the present study may have been higher than the usual TAC intake. Fourth, we observed a similar TAC intake pattern in men and women (data not shown). The reason for this finding might be partly because married couples were recruited for the validity study. The correlations of total TAC intake/day between spouses were 0.748 in spring, 0.698 in summer, 0.664 in autumn and 0.709 in winter. Finally, TAC intake may have been underestimated because of under-reporting of the diet. Although dietitians checked the records at least once during the survey, under-reporting could not be completely avoided.
In conclusion, this study shows that there are significant seasonal differences in TAC intake/day. Total TAC intake is highest in winter and lowest in summer, resulting from subjects' selection of food and beverages. Food and beverage groups show seasonality in their contribution to TAC intake. In addition, major contributing foods to TAC intake/day are not necessarily the same food items with high TAC values. Total antioxidant capacity in the diet Y Tatsumi et al
